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(54) Laminated thin film disk for longitudinal recording 



(57) A thin film disk with laminated magnetic layers, 
for use in a disk drive, is described which exhibits a sin- 
gle switching behavior resulting in a smooth hysteresis 
loop. This is achieved by depositing a seed layer prior 
to depositing the Or or Or alloy underlayer. The seed 
layer material Is selected to promote a [112] PO in the 
underlayer and subsequently a [101 0] PO in the two or 
more laminated magnetic layers. The [101 0] PO aids in 
maintaining minimal He variations between the magnet- 
ic layers. The seed layer can be a 82 type structure ma- 
terial such as NiAl or FeAl or any other material which 



results in the [112] PO in the underlayer. The underlayer 
is preferably Or or a Or alloy; the magnetic layers are 
preferably CoPtCr, CoPICrTa or CoPtCrB. The spacer 
layer between the magnetic layers may be made from 
the same material as the underlayer, but may also be 
different, e.g. an hexagonal crystalline material such as 
Ru. The disks of the invention can be manufactured in 
standard high volume sputtering systems by virtue of the 
fact the magnetic layers have a reduced dependency on 
substrate temperature. 
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Description 

Technical Field of the Invention 

This invention relates to the field of data storage de- s 
vices such as disk drives having thin film magnetic disks. 
N/lore particularly the invention relates to thin film mag- 
netic disks having multiple magnetic layers. 

Background of the Invention io 

The magnetic recording disk in a conventional drive 
assembly typically consists of a substrate, an underlay- 
er consisting of a thin film of chromium (Cr) or a Cr alloy, 
a cobalt-based magnetic alloy deposited on the under- ts 
layer, and a protective overcoat over the magnetic layer. 
A variety of disk substrates such as NIP-coated AIMg, 
glass, glass ceramic, glassy carbon, etc., have been 
used. The microstructural parameters of the magnetic 
layer, i.e.. cryslallographic preferred orientation (PO), so 
grain size and noagnetic exchange decoupling between 
the grains, play key roles in controlling the recording 
characteristics of the disk. The Cr underlayer is mainly 
used to control such microstructural parameters as the 
PO and grain size of the cobalt-based magnetic alloy. 25 
The PO of the various materials forming the layers on 
the disk is not necessarily an exclusive orientation which 
may found in the material, but is merely the dominant 
orientation. When the Cr underlayer is deposited at el- 
evated temperature on a NiP-coated AIMg substrate a 30 
[100] preferred orientation (PO) is usually formed. This 
PO promotes the epitaxial growth of [1120] PO of the 
hep cobalt (Co) alloy, thereby improving the in-plane 
magnetic performance of the disk. The [11 20] PO refers 
to a film of hexagonal structure whose [1120] planes are 35 
predominantly parallel to the surface of the film. Like- 
wise the [101 0] PO refers to a film of hexagonal struc- 
ture whose [101 0] planes are predominantly parallel to 
the surface of the film. Since nucleation and growth of 
Cr or Cr alloy underlayers on glass and most non-me- 40 
tallic substrates difler significantly from those on NiP- 
coated AIMg substrates, media fabricated on glass sub- 
strates often have larger noise compared with those 
made on NiP-coated AIMg substrates under identical 
deposition conditions. It is for this reason-that the' use— ^5- 
o1 an initial layer on the substrate (called the seed layer) 
is necessary. The seed layer is formed between the al- 
ternate substrate and the underlayer in order to control 
nucleation and growth of the underlayer which in turn 
affects the magnetic layer. Several materials have t^een 50 
proposed for seed layers such as: Al, Cr, CrNi, Ti, Ni^R 
MgO. Ta. C, W. Zr, AIN and NiAl on glass and non-me- 
tallic substrates. (See for example, "Seed Layer induced 
(002) cryslallographic texture in NiAl underlayers, ' Lee, 
ei al.. J. Appl. Phys. 79(8). 15 April 1996. p.4902ff). In ss 
a single magnetic layer disk, t_aughlin. et al.. have de- 
scribed use of an NiAl seed layer folk>wed by a 2.5 nm 
thick Cr underlayer and a CoCrPt magnetic layer. The 



NiAl seed layer with the Cr underlayer was said to in- 
duce the [1010] texture in the magnetic layer. ('The 
Control and Characterization of the Crystailographic 
Texture of Longitudinal Thin Film Recording Media,' 
IEEE Trans. Magnetic. 32(5) Sept. 1996, 3632). 

The improvement in signal to noise ratio (SNR) of 
the thin film disk media remains as one of the major chal- 
lenges in high density recording lechnokigy. A variety of 
approaches such as choosing a low noise alloy, design- 
ing an appropriate underlayer. tailoring of the deposition 
parameters, and lamination of the magnetic layer have 
been suggested to reduce the media notse. A laminated 
disk has two or more magnetic layers separated by a 
spacer layer. For example. Ahlert, et al. in commonly 
assigned U.S. patent 5,051.288 describe laminated 
disks with AIMg/NtP substrates and up to six layers of 
CoPtX or CoNiX alloys separated by Cr, CrV and Mo 
layers. 

Laminating the magnetic layer of a thin film disk is 
known to reduce the media noise, but laminated media 
typically exhibit a bi-modal switching behavior due to the 
fact that the coercivrty (He) of the stacked magnetic lay- 
ers can be significantly different. Laminated media with 
optimum performance should exhibit only one type of 
switching behavior, which means the stacked magnetic 
layers should have very similar He. For most magnetic 
alloys employed In thin film disk technology He is a func- 
tion of deposition temperature, i.e., He increases with 
substrate temperature. The sputtering systems used for 
the volume production of magnetic disks provide the ca- 
pability to preheat the substrates, but as the sputtering 
process progresses over time the temperature of the 
substrate declines. Thus, when laminated magnetic lay- 
ers are sputtered on a preheated substrate, the second 
layer is deposited at a lower temperature and will typi- 
cally have a lower He. The reduced He in the second 
layer at least contributes to a deviation (kink) in the 
smooth slope of the hysteresis loop around the zero re- 
manent magnetization state. Figures 3a and 3b show 
typical hysteresis loops of a single magnetic layer (Cr/ 
CoPtCrTa) and a two layer laminated magnetic film (Cr/ 
CoRCrTa/Cr/CoPtCrTa), respectively. The kink in the 
hysteresis of the laminated film is clearly seen. The ex- 
istence of this kink implies thai the film has two switching 

"characteristics'which will deteriorate-lhe recording per 

formance of the disk at high recording densities. Thus, 
it is desirable to design a laminated media without bir 
modal switching behavior to eliminate this kink, or to re- 
duce rt as much as possible. 

Disclosure of the Invention 

Accordingly, the present invention provkies a thin 
film magnetic disk comprising: a substrate; a nonferro- 
magnetic seed layer deposited onto the substrate; a 
nonferromagnetic underlayer deposited onto the seed 
layer; a first ferromagnetic layer with a [101 0] preferred 
orientation; a nonferromagnetic spacer layer; and a sec- 
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ond ferromagnetic layer with a [1010] preferred orien- 
tation. 

Disks according to the invention have reduced 
noise and exhibit a single switching behavior which re- 
sults in improved recording performance in a disk drive 
utilizing the disk. The improved disk is preferably formed 
by depositing two or more laminated magnet layers 
_with-RO-[l 01 0]-w(th minimal-Hc-variations~tn-one-©m— 
bodiment the [101 0] PO magnetic layers are produced 
by depositing a B2 structure seed layer such as NiAl or 
FeAl and an appropriate underlayerwith [112] PO. Disks 
embodying the invention have a smooth hysteresis loop 
with minimal sign of bi-modal switching. The seed layer 
is preferably NiAl; the underlayer is preferably Cr or a 
Cr altoy; the magnetic layers are preferably CoPtCr. 
CoPtCrTa or CoPtCrB. The spacer layer between the 
magnetic layers may be made from the same nnaterial 
as the underlayer, but may also be different, e.g. an hex- 
agonal crystalline material such as Ru. The disks of the 
invention have good manufacturability in standai'd high 
volume sputtering systems by virtue of the fact that the 
He of the magnetic layers with [1010] PO appears to 
have a reduced dependency on the substrate tempera- 
ture. 

Brief Description of the Drawings 

Figure 1 illustrates a top view of a prior art disk drive 
with a rotary actuator useful in practicing the present in- 
vention. 

Figure 2 illustrates the layer structure of a thin film 
magnetic disk according to the invention. 

Figure 3a illustrates the hysteresis loop of a prior 
art thin film magnetic disk with a single magnetic layer. 
Figure 3b illustrates the hysteresis loop of a prior art thin 
film magnetic disk with two laminated magnetic layers. 

Figure 4a illustrates the hysteresis loop of a thin film 
magnetic disk with a NiAl seed layer and a single mag- 
netic layer. Figure 4b illustrates the hysteresis loop of a 
thin film magnetic disk with a NiAl seed layer and two 
laminated magnetic layers. 

Figure 5 is a flow chart of one method for making 
disks according to the invention. . 

DETAILED DESCRIPTION OF THE INVENTION 

Figure 1 is atop view illustrating a prior art disk drive 
with a rotary actuator useful in practicing the present in- 
vention. The system comprises one or more magnetic 
recording disks 111 mounted on spindle 112 which is ro- 
tated by an in-hub electrical motor (not shown). An ac- 
tuator assembly .11 5 supports a sIkJer 120 which con-' 
tains one or more read/write heads. The assembly may 
be composed of a plurality of actuators and sliders ar- 
ranged in a vertical stack with the actuators supporting 
the sliders in contact with the surfaces of the disks when 
the disks are not rotating or being unloaded to avoid con- 
tact. A voice coil motor (VCM) 116 moves the actuator 



assembly 115 relative to the disks by causing the as- 
sembly to pivot around shaft 117. The heads are typi- 
cally contained in air bearing sliders adapted tor flying 
above the surface of the disks when rotating at sufficient 
5 speed. In operation, when the sliders are flying above 
the disks the VCM moves the sliders in an arcuate path 
across the disks allowing the heads to be positioned to 

read and write magnetic information from cifcLilartracks" 

formed in the data area 1 1 4 wh ich is coated with the thin 
TO films which will be described in more detail below. Elec- 
trical signals to and from the heads and the VCM are 
carried by a flex cable 118 to the drive electronics 119. 
When not operating and during periods when the rota- 
tion of the disks is either starting or stopping, the sliders 
may be positioned in physical contact with the surface 
of the disks in a landing zone or contact start/stop (CSS) 
area 11 3 which is not used for data storage even though 
the magnetic coating extends over this area. It is also 
known to remove the sliders from the disks during non- 
operating periods using an unload ramp. Although the 
disk drive has been described with air bearing sliders 
the disk of the present invention may easily be used in 
other storage devices having near contact, or contact 
recording sliders. 

Figure 2 illustrates the cross sectional layer struc- 
ture of an embodiment of a thin filrn magnetic disk ac- 
cording to the invention. The thin film layers will be de- 
posited onto at least one and.preferably both planar sur- 
faces of the disk to form the data recording area. The 
shading is used only to differentiate the layers and not 
to indicate color or specific composition. The substrate 
1 1 may be made of AlMg/NiP, glass or any other suitable 
material. The seed layer 12 in one embodiment is a 82 
structure material which is deposited directly onto the 
substrate and is preferably NiAl. The underlayer 1 3 is 
deposited onto the seed layer and isa nonterromagnetic 
material such as chromium or a chromium altoy such as 
CrV or CrTi. The requirements for the seed layer and 
underlayer for a disk according to the invention are that 
they promote the [101 0] PO in the magnetic layer. The 
first ferromagnetic layer 14 (Magi) is an alloy of cobalt 
which typically contains platinum and chromium and 
may contain additional elements such as tantalum or bo- 
ron, e.g. CoPtCrTa or CoPtCrB. A typical magnetic layer 
might comprise 4 to 14 at.% platinum, 18 to 23 al.% 
chromium and 1 to 5 at,% "tantalum with the rest being 
Co. The spacer layer 15 is made of a nonterromagnetic 
material which may optionally be the san^e material as 
the underlayer. The second -ferromagnetic layer 16 
(Mag2) is preferably of the same material. as Magi. At 
least two magnetk: layers separated by a nonmagnetic 
spacer are required, but additional spacer/magnetic lay- 
er pairs may be added. The optional top layer is a pro- 
tective overcoat 1 7 which can be carbon, hydrogenaled 
carbon or any other protective material. It is also known 
in the art to use additional layers between the magnetic 
layer and the overcoat to either enhance the adhesion 
of the overcoat, improve hardness, etc. The various lay- 
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ers are preferably sputter deposited using standard 
tecliniques, targets, temperatures and pressures as are 
known to those skilled in the an. Although the invention 
relates to laminated magnetic layers, the deposition 
techniques and parameters are the same as used tor. 
single magnetic layer disks using comparable materials. 

Figure 5 is a flow chart ot the steps tor one method 
of making a disk according to the invention. All of the 
layers from the seed layer to the overcoat can be sput- 
tered in a continuous process in either an tn-iine sput- 
tering system or a single disk system. Current commer- 
cial in-line sputtering systems may be equipped with ad- 
ditranal targets and/or multiple-pass capability to fabri- 
cate laminated disk structures. Designing an in-line sys- 
tem with additional targets is a straighttorward task. 
There are also commercially available single disk sys- 
tems with 6 or more target capacity with the capability 
to fabricate laminated disk structures. Starting with a 
substrate which can be Alf^g/NiP, glass or any other 
suitable material, the layers are sequentially sputter de- 
posited as indicated in Figure 5. The seed layer 51 Is 
deposited first, followed by the undertayer 52, then the 
first magnetic layer 53, then the spacer layer 54, then 
the second magnetic layer 55, followed optionally by ad- 
ditional spacer/magnetic layer pairs 56. and then the op- 
tional last step deposits a protective overcoat 57. 

The relative thicknesses of the layers are not be- 
lieved to be critical for practicing the invention, but the 
foltowing ranges are given as guidance. The seed layer 
is preferably trorin 10 to 50 nm thick. The seed layer's 
role is to encourage a [112} PO in the underlayer and 
subsequently a [1010] PO in the magnetic layers. The 
underlayer is typically thicker than the seed layer, but 
wide variations in the thickness of the underlayer (e.g. 
1 0 to 80 hm) result in only small changes in the magnetic 
characteristk;s of the disk. A typical value for the thk:k- 
ness of the underlayer is 50 nm. The ferromagnetic lay- 
ers Magi . Mag2. etc. can be from 5-50 nm thick with 15 
nm being typical. The thicknesses of the magnetic lay- 
ers do not need to be equal. The spacer layer is normally 
relatively thin in comparison with the underlayer and will 
typically be 1 to 20 nm in thickness. The use, composi- 
tion and thickness of the overcoat are not critical in prac- 
ticing the invention, but a typical thin film disk might use 

-an-overcoat-less-than-T5 nm-thick— — — 

Figure 4a shows the hysteresis loop of a single 
magnetic layer (tsliAI/Cr/CoPtCrTa) and figure 4b is the 
loop for a two layer laminated noagnetic film according 
to the invention: NiAl/Cr/CdPtCrTa/Cr/CoPtCrTa. Unlike 
the prior art laminated disk case shown in Fig. 3b. where 
the bi-modal switching creates the anomaly in the hys- 
teresis loop, the laminated disk embodying the invention 
(see Figure. 4b) shows no bi-modal switching effect and 
no anomaly in the hysteresis kx>p. It is believed that the 
result is due to the fact that the deposition of NiAi seed 
layer prior to Cr, minimizes the coercivity loss ot the sec- 
ond layer due to the lower deposition temperature. To 
prove this, disks with single magnetk; layers (NiAI/Cr/ 



CoPtCrTa) wer deposited at two temperatures differing 
by about 100 C to correspond to (or exceed) the depo- 
sition temperature delta ot the first and second magnetic 
layers of a laminated structure. Across a wide range of 
5 Cr underlayer thicknesses the He of the test disks 
tracked within about 1 00 Oe indicating that the He is not 
a strong function of deposition temperature. Prior art 
laminated disks have involved tradeoffs between SNR, 
which is improved by lamination, versus coercive 

70 squareness (S*) and resolution which are degraded. 
The laminated disk of the Inventksn minimizes these 
tradeoffs by keeping the He ot the magnetic layers nrwre 
closely matched and nnaintaining a higher S*. It Is an 
additional benefit that reduced sensitivity to temperature 

75 means that the disks are more manufacturable, i.e. , less 
likely to fall out of specification with variations in the 
sputtering systems, 

NiAl which is the preferred material for the seed lay- 
er forms the B2 (cesium chloride) structure whereas Cr 

20 has a bcc structure. The B2 structure is an ordered cubic 
structure that can be described as two interpenetrating 
simple cubic lattices where AI atoms occupy one lattbe 
and Ni atoms the other. NiAl has a lattice constant which 
is nearly identical to that of Cr. but NiAl tends to form 

25 smaller grain size due to the bonding between, the Ni 
and AI atoms which reduces atomic mobility during dep- 
osition. Cobalt alloys used in magnetic recording typi- 
cally have a predominantly hexagonal closed packed 
(hep) crystal structure. A cubic Cr underlayer can be de- 

30 posited with PO [100] within normal thickness ranges 
under standard sputtering conditions such as sufficient- 
ly high temperature. This Cr [100] PO encourages PO 
[1120] in Co alloy magnetic layer which is. often de- 
scribed as the desired PO for longitudinal recording. The 

35 PO [1120] results in a bi-crystal structure such that on 
a given Cr grain, multiple [1l20] grains with two orthog- 
onal c-axis orientations will form. (See for example, No- 
lan and Sinclair, "Effects of Microstrvctuml Features on 
Media Noise in Longitudinal Recording Media," ^. Appl. 

^0 Phys., v73, p.5566. 1993). In order to maintain high He 
,with this Orientation a high substrate temperature is 
needed to create sufficient isolation (segregation) be- 
tween the bi-crystals. Therefore, the He of films with 
[1120] PO is very temperature sensitive. Furthermore. 
-45- -ft-is more difficult tomaintain layer-to layer-epitaxy-while- 
maintaining a constant grain size and consistent mag- 
netic properties in laminated [1120] PO films. The orig- 
inal Cr underlayer grain structure cannot be reproduced 
in a Cr spacer layer, since the spacer layer Cr must grow 

•50 on the smaller grains (bi-crystal clusters) of the magnet- 
ic layer Therefore, the [1120] PO is not desirable in a 
laminated magnetic medium. By depositing a seed layer 
such as NiA! the [112] PO in the Cr (or Cr alloy) under- 
layer can be induced. The underlayer with a [112] PO 

55 epitaxially leads to [101 0] PO in the adjacent magnetic 
layer. The PO of [101 0] can then be maintained in each 
ot the subsequent magnetic layers by the proper chok:e 
ot a spacer layer while maintaining a constant grain size 
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throughout the structure. 

The [1010] PO in the magnetic layers vsrtirch results 
from the described materials structure is believed to 
contribute to the favorable results observed for the lam- 
inated disk structure of the invention and particularly to s 
the reduced dependence of the He on substrate temper- 
ature. The [101 0] PO is maintained in the second mag- 
netic la yer by pro per selection and deposition of the 



vention have been illustrated in detail, It will be apparent 
to the one skilled in the art that alternative embodiments 
of the invention are realizable without deviating from the 
scope and spirit of the invention. 



Claims 



spacer layer. The spacer layer material may be cubic 
with PO [112] and a lattice constant similar to Cr. Cr and ?o 
Cr alloys are good choices for the spacer layer for the 
same reason as for the underlayer. It is atso possible to 
use a spacer with an hep structure so that the [101 0] 
PO continues through the spacer layer. For example, 
epitaxial matching of ruthenium (Ru) and by extension '5 
osmium (Os) and rhenium (Re) alt of which have an hex- 
agonal structure as choices for a spacer layer for a lam- 
inated disk has been reported. It would also be expected 
that alloys of hexagonal materials which maintain the 
hexagonal structure could be used including, for exam- 20 
pie, nonterromagnetic CoCr alloys with Cr> 35 at.%. 

Laughlin, et al., have suggested that FeAl underlay- 
ers have an effect similar to NiAl on the magnetic prop- 
erties of magnetic layers deposited thereon. (IEEE 
Trans. Magnetic. 32(5) Sept. 1996, 3632). Therefore, it 2S 
is reasonable to suggest that FeAl which also has a B2 
structure may be used in the same way as NiAl for a 
seed layer. Other non-B2 materials, such as NiCr, which 
can induce the [112) PO in the Cr or Cr alloy underlayer 
can also be used. 30 

While the compositions listed above have been giv- 
en without regard to contamination percentages, it is 
known to those skilled in the art that some contamination 
is normally if not always present in thin films. Sputtering 
targets are typically specified as 99.9% or greater purity, 55 
but the resulting films may have much lower purity due 
to contamination in the sputtering chamber or other fac- 
tors. For example, contamination by air in the chambers 
might result in measurable amounts of oxygen and/or 
hydrogen being incorporated into the film. For some car- -^o 
bon films 5 at.% hydrogen contamination has been 
measured in a typical sputtered layer. It is also known 
that some small amount of oxygen is normally found in 
Cr targets and in the resulting Cr layer It is also possible 
for small amounts of the working gas in the sputtering 
system, e.g. argon, to be incorporated into a sputtered 
film. Contamination levels were not specifically meas- 
ured in the disk samples described and, therefore, were 
assumed to be within normal ranges for sputtered thin 
filrn disks expected by those skilled in the art. so 

The thin film disk made according to the invention 
can be used for storing data in typical disk drives using 
either noagnetoresistive or inductive heads and can be 
used in contact recording or with flyable heads. The 
read/write head is positioned over the rotating disk in ss 
the standard manner to either record or read magnetic 
information. 

While the preferred embodiments of the present in- 



1. A thin film magnetic disk comprising: 

a substrate (11); 

a nonferromagnetic seed layer (12) deposited 
onto the substrate; 

a nonferromagnetic underlayer (13) deposited 
onto the seed layer; 

, a first ferromagnetic layer (14) with a [1010] 
preferred. orientatk>n; 

a nonferromagnetic spacer layer (15); and 

a second ferromagnetic layer (1 6) with a [1 01 0] 
preferred orientation. 

2. A disk as claimed in claim 1 wherein the underlayer 
has a [112] preferred orientation. 

3. A disk as claimed in claim 1 or claim 2 wherein the 
spacer layer has a [112] or a [101 0] preferred ori- 
entation. 

4. A disk as claimed in any preceding claim wherein 
the seed layer comprises material with a B2 struc- 
ture. 

5. A disk as claimed in claim 4 wherein the seed layer 
comprises NiAl. 

6. A disk as claimed in claim 4 wherein the seed layer 
comprises FeAl. 

7. A disk as claimed in any preceding claim wherein 
the spacer layer contains cobalt, chromium, ruthe- 
nium, osmium or rhenium and has a hexagonal 
structure. 

8. A disk as claimed in any preceding claim wherein 
the first ferromagnetic layer and the isecond ferro- 
magnetic layer have cpercivity which differs by less 
than 1 00 Oe, 

9. A disk as claimed in claim 1 wherein the seed layer 
comprises f^JiAl, the underlayer comprises chromi- 
um or an alloy of chromium, the first ferromagnetic 
layer comprises a cobalt alloy, the spacer layer 
comprises chromium, ruthenium, osmium, rhenium 
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or an alloy thereof, and the second ferromagnetic 
layer comprises a cobalt alloy and the disk further 
comprises an overcoat layer. 

10. A disk as claimed in claim 9 wherein the seed layer 
is between 2 and 50 nm in thickness, the underlayer 
is between 10 and 80 nm in thickness, the first fer- 
romagnetic layer is between 5 and 50 nm in thick- 
ness and the spacer layer is 1 to 20 nm in thickness. 

11. A disk as claimed in claim 9 or claim 1 0 wherein the 
cobalt alloy of the first and second ferromagnetic 
layers is CoPtCrTa, CoRCrB or CoPtCr. 

12. A disk drive comprising: is 

a thin film magnetic disk as claimed in any pre- 
ceding claim; 

a motor tor rotating a spindle to which saki disk 20 
is coupled; and 

an actuator assembly including a head for writ- 
ing magnetic information on the disk as it ro- 
tates. 25 

1 3. A method of manufacturing a thin film disk compris- 
ing the steps of: 
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sputtering (51 ) a seed layer onto a substrate; 30 

sputtering (52) an underlayer onto the seed lay- 
er; and 

sputtering (53) a first ferromagnetic layer with 35 
a [1010] preferred orientation onto the under- 
layer; 

sputtering (54) a spacer layer onto the first fer- 
romagnetic layer; and 40 . 

sputtering (55) a second ferromagnetic layer 
with a [1010] preferred orientation. 

45 
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Sputter Seed Layer, e.g. NiAL 

i 



Sputter Underlayer. e.g. Cr or O alloy 



i 



Sputter 1 St Magnetic Layer 



i 



Spatter Spocer Layer/ e.g. Cr, Cr alloy, Ru, etc. 



i 

Sputter 2rKj Magnetic Layer 



i 

Optionalty sputter addftiorxal Spacer/Magrtetic 
layer pairs 

i 



Sputter Overcoat 
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